{Received 18th November 1959) Summary, ( ) Solutions of labelled ions 32P043", 35S042", 24Na1+, 42K1+ and 131I,1_ were administered parenterally to pregnant rabbits on Days o to 12 of gestation (the day of mating being designated o). Several experiments were also done with adult oestrous rabbits. Measurements of radioactivity were made at 45 min after ion injection. Results were expressed as the proportion, io-6, of the total radioactive ion injected, found present per mg tissue or fluid, fresh weight. (2) The following findings were made in normal, pregnant rabbits: {a) in the free-lying 6-day blastocyst values for all ions were low, that for P043~being lowest, and, moreover, they showed a marked degree of divergence ; this contrasted with the much higher and closely grouped values in the 12-day foetus; (¿) in the fluid withdrawn from the blastocoelic cavity on Days 7 to 10 values for P043~, S042" and Na1+ rose to a peak on Day 8, and declined on Days 9 and 10; (c) in the endometrial secretion all ion values greatly exceeded those in the free-lying blastocysts and in the blastocyst fluid, and remained relatively stable during Days 6 to 12 of pregnancy; {d) placental tissue retained more than twice the amount of P043" found in the inter-implantation segments of the endometrium, a phenomenon absent or much less prominent with the other ions ; (e) all ions except K1+ showed higher values in the endometrium and secretion of non-pregnant rabbits than in the progestational phase of pregnancy ; (/) exceptionally high P043" values were typical of the endometrium and secretion on Days 2 and 3 of gestation. (3) The incorporation of 32P043-was studied more extensively than that of the other ions, in pregnant rabbits treated with oestrogens (stilboestrol, oestradiol benzoate), certain purine analogues (6-mercaptopurine, 8-azaguanine) and trypan blue.
In pregnant rabbits which had received single doses of stilboestrol or oestradiol benzoate 36 hr before 32P043^injection, there was a depres¬ sion in P043~uptake on Days 3 and 4 in the endometrium and secretion; this was in disparity with the enhanced ion uptake evident from Day 5 169
INTRODUCTION
The experiments described below were undertaken to establish the extent of incorporation of different radioactive ions which enter the female reproductive tract from the maternal circulation in early pregnancy. An attempt was also made to observe what modifications were produced in the basic pattern of ion distribution in consequence of maternal treatment with certain exogenous agents known to affect the progress of pregnancy. Some aspects of this work were briefly reported before (Bennett, Boursnell & Lutwak-Mann, 1958a, b; 1959 All the samples, after mounting, were treated with one drop each of the following aqueous solutions : ( 1 ) 0.0002 % cetyltrimethylammonium bromide (CTAB), to promote even spreading of secretions (the amounts were sometimes inadequate to wet all the lens paper) 5(2)1% polyvinyl alcohol which effectively stuck the paper to the lacquered dish and thus prevented it from curling. The determinations of radioactivity were made according to the method of Boursnell, Coombs & Rizk (1953 Results such as described above were obtained, with minor variations, 18o C. Lutwak-Mann, J. C. Boursnell and J. P. Bennett following doses of stilboestrol ranging from . to 5 mg. Relatively few experi¬ ments were done with oestradiol benzoate on account of frequent pyometra, but the general trend of results was the same as with the synthetic oestrogen.
Some non-pregnant rabbits were also pretreated with oestrogens, but no significant differences were caused by such treatment in the P043" uptake in the endometrium or secretion of these animals.
Experiments with Non-pregnant Rabbits Treated with Progestins
In these experiments, adult virgin non-ovariectomized rabbits were used, and the only isotopie ion used was P043". In rabbits treated with progesterone, the uptake in the endometrium and secretion was determined at 1,3,4 an(^5 days, respectively, after the termination of hormone injections. The carbonic anhydrase test in the endometrium of these animals showed a moderately positive response, carbonic anhydrase activity representing about half to two-thirds of that established for a fully progestational uterus. The incorporation of P043_ in the endometrium and secretion resembled the elevated values found at 8 to 10 days of pregnancy, rather than the low values typical for the period 5 to 7 days. In rabbits which received Delalutin and were autopsied at 4, 5 and 7 days, respectively, after the cessation of hormonal treatment, the carbonic anhydrase test indicated a full progestational response. Some of the P043" values were nearer those characteristic for Days 5 to 7 of gestation, while others were similar to values encountered in the progesterone-treated animals. It is not unlikely that the somewhat variable results met with in these animals after the administration of progesterone or Delalutin, were, in part at least, due to the influence of endogenous ovarian hormones, and that, had we used spayed rabbits, the P043~uptake in their uteri would have presented a more clearly definable pattern.
Experiments with Pregnant Rabbits Treated with 6-Mercaptopurine, 8-Azaguanine and Trypan Blue When pregnant rabbits received injections of mercaptopurine or azaguanine, 1 to 1J days prior to administration of the marked ion, there were no macroscopically visible changes either in the endometrium or the secretion. Progestational endometrial development was normal as judged by the carbonic anhydrase test. However, there was marked interference with embryonic development. In the course of a study currently in progress (Hay, Adams & Lutwak-Mann, i960) it was found that mercaptopurine and azaguanine treatment of pregnant rabbits led to a selective destruction of the area of the embryonic disc in unimplanted blastocysts, leaving the cells of the trophoblast relatively less affected. The purine analogues also caused a pronounced deleterious effect on 10-to 12-day-old foetuses, and some damage to the placental tissue, though not nearly so striking as that arising from treatment of pregnant rabbits with oestrogens.
No appreciable change in the pattern of P043" incorporation was detected in the endometrium, secretion or blastocyst fluid. In the 6-day blastocysts, al¬ though their embryonic discs were severely damaged by maternal treatment with the metabolic analogues, the ion uptake was identical with that of normal blastocysts. In 12-day foetuses, most of which were obviously degenerating, i8i there was a distinct but small depression in P043" values, and the same was true of maternal and foetal placenta. A similar downward trend in 12-day foetuses and placental tissue from mercaptopurine-treated rabbits was also recorded for uptake of S042". Table 3 gives the mean values obtained for whole blood, blood plasma and peritoneal fluid for the five ions studied. Only in one case (131I1-) was the peritoneal fluid value less than that of blood plasma. The 35S042~c ontent of these two fluids was similar, but with the other ions marked (P043~, Na1+, K1+) the peritoneal fluid value was considerably higher. Two (S042~, Na1+) of the five ions showed a considerably greater concentration in the plasma than in the whole blood. Nevertheless, some of the findings made with marked ions are borne out by the still limited chemical experimental evidence. For instance, the very low values for 32P043" in the 6-day blastocyst must be seen in the light of the total phosphorus content which is about 1 µg per single blastocyst, as against a much higher (100 times) level of phosphorus in the 12-day foetus. Similarly, the differences recorded in the values for individual ions in the blastocyst, and the marked shifts which become evident with the onset of implantation, recall the fact that simple molecules such as mono-and disaccharides, entering the uterus from the maternal bloodstream, are effectively kept out of the 6-day blastocyst , and even at 7 days, when penetration does occur, glucose passes into blastocyst fluid more readily than fructose or sucrose. The more elevated uptake values for K1+ and Na1+ coincide with the not incon¬ siderable concentration of these cations in the pre-implantation blastocyst (Lewis & Lutwak-Mann, 1954 ).
One of the points which this investigation has helped to clarify is that the prenidation blastocyst is a relatively highly organized entity which possesses cells, perhaps located in the trophoblast, endowed with a degree of metabolic selec¬ tivity not hitherto anticipated. In spite of the uniformly high distribution of marked ions in the uterine secretion, individual ions were shown to enter the blastocysts each at their own level, mostly much below that of the secretion. This fact suggests a mode of entry by 'active transport' rather than a process of simple diffusion. Such a view is further strengthened by the impermeability of the pre-implantation blastocyst to trypan blue, whereas the dye passes freely into the blastocoelic cavity on Days 7, 8 and 9 (Ferm, 1956) , that is during the period when trypan blue exerts its teratogenic potency in the rabbit, a point which we were able to confirm. Our approach also gave us an opportunity of assessing events in the uterine secretion and the fluid which fills the blastocoelic cavity, both of them presum¬ ably of fundamental nutrient value to the embryo. From the time of entry of the ovum into the uterus and during implantation, there is a striking difference in ion values between what may be regarded as the inner and outer liquid medium of the embryo. In the secretion the uptake is high, roughly equal for all ions examined, and from Day 5 onwards devoid of major fluctuations. The blasto¬ cyst fluid presents an entirely different picture; all its uptake values are well below those registered for secretion, each ion is incorporated differently, and
